Introduction: Ataxia telangiectasia (AT) is a rare disease characterized by immunodeficiency and neurological manifestations. Ataxia, resulting from cerebella atrophy, runs a progressive incapacitating course. Clinical monitoring of the disease course is mandatory for early treatment. Aim: To study clinical severity of AT and correlate it with the degree of cerebellar atrophy. Patients and Methods: We retrospectively studied all children (less than 14 years) with AT seen at Hamad General Hospital Clinics between 1998-2013. We collected basic demographic data, parental consanguinity, family history, AT clinical severity scores, and reviewed CBC with differential counts; alpha-fetoprotein, serum immunoglobulins and lymphocyte subsets. Cranial MRI scans of each subject were reviewed by a neuroradiologist. Cerebellar atrophy was visually and semi-quantitatively scored. Results: We analyzed data on 18 AT children (10 males and 8 females), mean age of 76.9 months. 77.8% had a positive family history of AT and 41.7% parental consanguinity. Lymphopenia was observed in 77.8% and high serum alpha-fetoprotein in 87.5% of children. Clinical severity of ataxia was 17.1 ± 8.4 (mean ± SD); 86.7% of patients were moderate-severe. MRI cerebellar atrophy score was 1.9 ± 1.3 (mean ± SD), and moderate in 51% of patients. AT clinical severity score correlated (coefficient r = 0.566) but not statistically significant p = 0.088) with MRI cerebellar atrophy scores. Conclusions: Moderate to severe ataxia and marked cerebellar atrophy are quite common in AT children. There is a correlation between AT clinical severity and cerebellar * Corresponding author.
Introduction
Ataxia telangiectasia (AT) is one of the rare, genetic, primary immunodeficiency diseases [1] . It is mainly characterized by immunodeficiency and neurological manifestations, with increased risk of infections, autoimmunity and malignancy [2] . It is caused by mutations involving ATM (ataxia telangiectasia, mutated) gene [3] . The ATM gene encodes for production of "serine/threonine kinase", an enzyme that has multiple important functions that lead to tumor suppression and DNA repair [4] . Mutations of ATM make cells prone to degenerative changes, most important of which neurodenegation. Studies of lymphoblastoid cell lines form AT patients revealed correlation between ATM mutations and clinical phenotype of the disease in these patients [5] [6] . Furthermore, the degree of ATM kinase activity determined the clinical severity of the disease [7] .
Neurologic abnormalities of AT include truncal and limbs ataxia, dysarthria, swallowing incoordination, masked faces, ophthalmoplegia, and others such as delayed peripheral and movement disorders [2] . Although severe immunodeficiency may not be apparent in some patients [8] , neurological features are constant and start in the first few years of life. Patients become wheelchair-dependent by early adolescence. Cerebellar atrophy, the hallmark of the disease, is related to neurodegenerative changes involving Purkinje cells [4] [9] . Head CT scanning was used in some studies, and MRI imaging is currently used for evaluation of cerebellar atrophy in AT patients [10] - [12] . Positron emission tomography has been utilized to study the functional aspects of the brain in these cases [13] . There are no studies trying to correlate the clinical severity of AT with that of cerebellar atrophy in either children or adults with the disease.
Objectives
In this study, we tried to categorize clinical severity of disease among AT children, score degree of cerebellar atrophy, and determine if there is any correlation between the clinical severity and degree of cerebellar atrophy.
Methods and Patients
In this retrospective cross-sectional study, we reviewed the medical records of all children, younger than 14 years, who were diagnosed (by ME, MFO) to have ataxia telangiectasia at Ped Allergy-Immunology and Ped Neurology Clinics at Hamad General Hospital between 1998 and 2013.
Each case record of AT children was reviewed, and data collected on a standard form, included patient's age, sex, nationality, parental consanguinity, and family history of AT.
Scale for assessment and rating of ataxia (SARA) was used with adaptation to be more practical for young ages [14] . Children were considered to be normal if AT Clinical severity score = 0, mild disease if score = 1 -10, moderate if score = 11 -20, severe if score = 21 -30.
Laboratory workup included CBC with differential counts; alpha fetoprotein,; and immunological tests (serum IgG, IgA, IgM, IgE, IgG-subclasses, and lymphocyte subpopulations of T-cell subsets (CD3, CD4, CD8), B cell (CD19) and natural killer cell (CD56/16). Patient's age at time of head MRI was also noted.
Head MRI scan were independently reviewed by a senior experienced neuroradiologist (KS) who for cerebellar atrophy, brain stem, basal ganglia, cerebra, and thoracic spine. Cerebellar atrophy was visually and semiquantitatively scored and graded into 4 Cerebellar Atrophy Severity Grades (CASG): a) normal CASG = 0, no abnormalities noticed; b) mild CASG = 1, mild, widening of few folia; c) moderate CASG = 2, where several sulci and cisterni are wide and fourth ventricle is prominent; and d) severe CASG = 3, where all sulci and cisterni are markedly wide. Other radiological abnormalities were observed. The Research Ethics Committee at Hamad General Hospital of Hamad Medical Corporation approved this study.
Statistical Analysis
Data was analyzed using Statistical Package for Social Sciences (SPSS version 21). Student-t test was used to ascertain the significance of differences between mean values of two continuous variables and confirmed by non-parametric Mann-Whitney test. Spearman's non-parametric correlation coefficient was used for determine the association between the two different scores. The level p < 0.05 was considered as the cut-off value for significance.
Results
A total of 18 patients with AT were seen during 1998-2013. Table 1 demonstrates their basic characteristics. They were born to 12 families: 8 (44.4%) children were born to 5 (41.7%, of 12 families) consanguineous families, and 10 (55.6%) children belonged to non-consanguineous marriages. Having a high rate of positive family history of AT in the cohort helped diagnosing 8 patients (44.4%) before age of 5 years and 3 of them were less than 24 months. Elevated serum alpha-fetoprotein was demonstrated in 14 patients (16 of patients tested, 87.5%), and lymphopenia (defined by the presence of <3000 cells/μL of lymphocytes in peripheral blood in infants younger than 24 months, and <1500 cells/μL in older children) was observed in 14 (77.8%) patients. We utilized high alpha-fetoprotein and lymphopenia in presence of family history as laboratory markers on possibility of AT diagnosis even before clinical neurological or immunological abnormalities detected.
The median AT clinical severity score was 16, close to the average of 17.1. There was complete data of AT clinical score in 15 patients: 2 patients (11.1%) had mild ataxia, 9 patients (50%) moderate and 4 patients (22.2%) severe. Head MRI was done in 13 patients (72.2%). The average age of patients for head MRI scanning 102 ± 61.8 months (median = 102 months). The average grade of cerebellar atrophy on head MRI was 1.9 ± 1.3 (mean ± SD), median 2.0. Moderate cerebellar atrophy was noticed in 51% of patients. Sinusitis was incidentally observed in head MRI in 7 patients (38.9%).
Correlation of AT clinical severity score and MRI grade of cerebellar atrophy are shown in Figure 1 . Ten patients had data on both AT clinical severity score and MRI cerebellar atrophy grades, and revealed correlation (coefficient r = 0.566) but it was not statistically significant (p = 0.088, 95% CI for r = −0.2790 to 0.8321). 
Discussion
Among children or adults with AT, there are no studies on distribution of AT according to clinical severity, or any literature trying to correlate clinical severity with cerebellar atrophy. This study, to the best of our knowledge, is the first to describe how common the cerebellar atrophy, and objectively attempt to correlate the AT clinical severity with MRI imaging in this disease among children. More than 80% of our patients had moderate to severe AT, 85% had cerebellar atrophy, 62% of which was moderate to severe. Medical literature is deficient on distribution of AT according to clinical severity. This could be attributable to lack of simple, quick, and reliable, age-dependent, clinical toolkits. Various studies indicate that clinical severity of AT is determined by type and severity of ATM mutations (e.g. null, missense, or specific types of mutations) affecting level or function of ATM protein [5] . This effect seems to be in a dose-dependent manner where milder phenotypes were reported late and in adults [7] [15] [16] . Different types of clinical severity scales (e.g. A-T Neuro Examination Scale Toolkit, International Cooperative Ataxia Rating Scale, Brief Ataxia Rating Scale) are used to evaluate or monitor the severity of adults-variants AT and other types of ataxias such as (Friedreich spinocerebellar ataxia) [17] - [22] . Validity and reliability of these scales in children with ataxia has recently been determined [23] . They are influenced by child's age [23] . This seems to be a factor that limits their routine clinical use in monitoring progression of AT in children. In our study, majority of patients had moderate-to-severe AT.
The fact that our study revealed a clinical but non-significant correlation between AT clinical score and severity of cerebellar atrophy could be attributed to some factors such as sample size and nature of study. A larger sample and prospective cohort study with serial AT clinical scores simultaneous with MRI scores done at specific age of each child might have increased the significance of the association.
Use of clinical score, as a clinical tool surrogate to MRI neuroimaging, for monitoring AT progression is important. MRI is used as the safe instrument to evaluate cerebellar atrophy in AT [24] . In our cohort, 85% our patients had cerebellar atrophy and correlated, though not statically significant, with clinical severity. The newer MRI-based newer techniques [25] - [27] , such proton spectroscopy, functional MR imaging, and various diffusion-related imaging recently used in evaluating progressive ataxia may not be readily available to patients and in a cost-effective manner. Thus development of useful clinical toolkits sensitive to evaluate AT are essential.
Our study has some limitations, the foremost is the small sample size but this is inevitable. In 2014, the total of Qatar population reached 2,123,160 of whom 302,313 are children younger than 14 years [28] . The frequency of AT in Qatar is estimated to be 1 per 16,796 live births, still higher than reported in other regions of the world (in 40,000 to 100,000 people worldwide) [29] , and due to high consanguinity rate among primary immunodeficiency diseases in Qatar [30] . Although our study revealed a correlation between clinical severity scales and cerebellar atrophy scores, a larger sample size most likely would have shown a statistical significance. Other limitations include the retrospective and cross-sectional nature of the study.
Conclusion
In summary, this study suggests that the majority of children with AT have moderate to severe clinical disease and high rates of cerebellar atrophy. Additionally, our data revealed correlation between clinical severity of the disease and that of cerebellar atrophy, and its statistical non-significance was most likely a result of sample size. Future studies of a larger population with a prospective designs comparing clinical severity with cerebellar structural and/ or functional abnormalities will further determine the significance of our observation. In addition, they would help practicing practitioners utilize clinical scales as a reliable clinical tool in monitoring the disease progression in AT children.
